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    &  H
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|sn|2 =
∣∣(Sn+1a, b)0∣∣2 ≤ (a, a)α(b, b)−α   |sn|2 = ∣∣(Sn+1a, b)0∣∣2 ≤ (a, a)−α(b, b)α .
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1 −∑ρ+1n=1 ᾱρ+1−nzn . $
	     	 '		 		  		& 	 	   	
	 	 
  	
 	  M   	 		 	 F  S 	  

	 !    	     		  "	 ##$  "	
##*   	 	   	   		  	+
	'	 		    		 ,#- ,*- ,.-  ,-  	 	 			







 z1, z2, . . . , zm ∈ Ω 

 ckj ∈ C 














 Ω  

  
   
  














   






    !		 ""# 
  $   

  	
%   &'#(%   
 
   
    
	 	
 )  
  %  %     
	

  $  
	  	
   
  *	% 
	














z(zρ+1 − α(z)) ∈ kerFD #
  = 0, 1, 2, . . . %  
  $  FD  
	





	(ker(I − 2S)) = ρ + 1

  
    F  FD  	 "+ )
  	
 g 








   
∂Ω  
 S(w) = w̄  w ∈ ∂Ω%  &( /
     

w = g(z)




























   
    
   
       
  
     
        

 
 kerF  ker(I − 2S) 
    
 
    
  	   Ω   	
     
ρ + 1 ρ ≥ 0   
    	 F  I − 2S
  ρ + 1   	      
         
  !         
   
  
  ! M

 		   g 	          
 
     "#     k = 0, 1, . . . 











  k = 0, 1, . . .     
 







    
 h(z) ∈ AL2(D) ' g(D)  ( ) 
 g′ ∈ AL2(D)      h(z) = zg′(z) 
   




   a+1 = 0    g
′(z) = 0      
 	 *
     
 (   $ %""  
)  
 !   
      
  
 ! 
     +#",)     "#  	
- )  ! M    .   	  
    
   




 ) ! 
   
  )  +%, .     S = 1
2
I  
 )      .    

   (    
  ( Ω   
 
  L2(Ω) 
%/
  	
   	
   	 
    	   		  		
	 	 	
   	     	 
 	    	 β0(Ω)   	 

   	   ! 	  " 	 		 
	 #!!  	 	
  	 	 	    	 
$ 	     	 	   
  
 	  	  	    	 	

 	  	  	  		  	 	 
   	  	  		    %&'
%('  %)'
 	 $ 	
    	 	  
	  		 		 	  	 *  	  	 FD
+  &#! , p ∈ AL2(D)   	 	 FD 
  	






    g′   	 	    - 
 	    	 		. + p ∈ AL2(D) 








p(ζ)q(ζ)dA(ζ), 	  q ∈ AL2(D).




 	  *  0! 
  	 	 	 	
!.      
  		 	 g′
 	  	  	  	 FD      
		 	  			 	 g′ 
  	  
	 	 AL2(D) *	 	 	 g
′ ∈ AL2(D)    	
 	!
/  		  μ    	 FD 
  	





g′ ◦ g−1 ∈ AL2(Ω).
&1
  F  FD  	 
 
	  	  F 

 	 	 
   
  	 	 	   	
  Ω  	
  	 	 
  	
 	 	
 	  	 	  	  Ω 
 
  	 
		 M  FD 
 

 	 	 	 p ∈ (2,−1)

  	 	
  	  

 
  	 




  	 




 	 	 	 
	  S 	 	 
	  	 	
 F 
FD  MC 	  
  
	 		 	  #	  S 

  f ∈ AL2(Ω) 
  	 	 	  μ ∈ C$
Ff = μf,









= |μ|e 12 i arg μf,
 
 























   
	  pR = 2)(e
1
2
i arg μf)  pI = 2 (e
1
2
i arg μf) 


 		   (μ, f)  F 	    |μ| < 1 


 	 	 














  	    	  	 	
 F 	  	 	 e 12 i arg μ *+	 
 	 





 f ≡ 1  Ω  
 F1 ≡ 1  




  	 	 	 
0 	 pI = 2  f ≡ 0 






 	   










   	 
  
	
 F 	 FD 	 	 

 
  	 	  	 	









 MC  	   	

 F 	 FD





 f  

 
 	 λ± 
    
 
	




∈ (0, 1)   
 pR = 2!(e
1
2
i arg μf) 	
pI = 2 (e
1
2
i arg μf)    	 μ = 1 
 F   
 
	 λ = 0 









    	
	
   
 	 
 μ2 := max {|μ| : μ ∈ σ(F) \ {1}}   	

	
  	 
     μ2 = γΩ < 1 
 !  
  	
 	"  
#" 	














	%  %    &
 
%  ' ()*%
()+* 
 	 , Ω   	
 "   










 F % FD 







 . / 
  &   	  
 
0	 	"




  	 	
 ! 	"   '





   &
 
  "




   
 	
D   	   &
 
  ' ()*   
 '
  S 

(0, 1)  1
2
 	   
-
 "	 ,
  	  &
  F 
	




































	     
 341#5 !"	 
' 
 ()*  
 	  4 

  	  
      
    	

 
     
       	
  	
    	
	 







  	    	     
    
      


       	 
     !"# $	   
         %  
&   '     
 
    
  
         	 
  	    !  	 " 
 
 
 #     ! 	   	  
$  % 	  C 
($) *    
 w → aw + b   a, b ∈ C
+
   ,
' '    
-        ' 
  )   

'   
  +   
     

    '
    )     
  -  
 	 g   
)
    
 Ω  
       M     - 

  	  MC   
D− 12MD 12 w = −2μw
 w = D− 12 p    
  D− 12MD 12  +  	
  M   %-  

  	 
   
  M   & 
 
 	  		  
 
   

	
         
      
 .     	
 	 &  $'# 	 	









  a1 = 0  M ≥ 2 	  
     	
          
    g    	
      
  	
   




















a1I 0 . . .






























	 I ∈ RM×M    
	  e1 = (1, 0, . . . , 0)T ∈ RM 
b̃n := (bnM , bnM+1, . . . , bnM+M−1)T
	 n = 0, 1, . . . ! 	  b̃0 =
1
a1
e1  		   b̃n = Ce1
	 C ∈ C    
   "  !  

   b = 0  	  = nM 	 n = 0, 1, . . . ! #	
  	
	
  g(z)    ak = 0  	 k = nM +1!  
  s = 0
 	  = nM 	 n = 0, 1, . . . !
#	 k = 0, 1, . . . , [M
2
]    	  	 	 
Lk  (2,−1)  ! $    v := (v0, v1, . . . )T ∈ Lk  v ∈ (2,−1)
 
v = 0 	   = nM + k, (n + 1)M − k,
	 n = 0, 1, . . .  k     	  0  [M
2
]!   v ∈ Lk 	




   M     	  MC   
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 ĝm → g 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 s2k+1 = 0,
 k = 0, 1, . . .   	 	  	 	
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   α = π
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M(Wα)p = μp ⇔ M( 	)p̂ = μp̂,





p̂2k = (−1)kp2k, p̂2k+1 = p2k+1 = 0 	
 q̂2k = q2k = 0, q̂2k+1 = (−1)kq2k+1,
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∂2w̄U + μ∂w̄∂wŪ = 0  Ω 
	 U = 0  ∂Ω. )*
  
 
  w ∈ Ω
∂w̄U(w) = −μf(w) + f(w) )
 
(1 − μ2)f(w) = ∂w̄U(w) + μ∂wU(w).  ))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Δ = 4∂w̄∂w,  = 2! ∂w 
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 = 2∂w̄.
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∂2w̄(2v̄) + μ∂w̄∂w(2v) = 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 v − λΔv = 0 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 p,  v = λp  Ω 
 v = 0  ∂Ω
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K(w, ω) = − 2
π
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u0(w) := −wF (w) = −w∂wh(w),
pR(w) := −4&F (w) = −4& ∂wh(w)
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Ω ⊂ Rn n = 2, 3 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v(x) = 0  x ∈ Ω. 12
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h (x) + x⊥ h (x)
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+ h (x) , 1%2
p (x) = −2 
h (x)  x ∈ Ω; 12
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h (x) = v (x) − 1
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p (x) x − x⊥ v (x)
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x h(x) + x⊥ 	h(x)
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+ h(x) = −z∂zh(z) + h(z).
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p(x) = −2 	h(x) 
 x ∈ Ω; (),+
	 










 x ∈ Ω, ()-+
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 r = |x|, $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x · ̃v(τx)dτ  x ∈ Ω  ̃v(x) = v(x) −
 (x ×∇ (r2Ψ)) 
 w(x) = x ·
∫ 1
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 ϕ :=
8+
ϕ(x)   u := u(x) 	
x  u + x × 
 u = u + ∇ (x · u) + 
 (x × u) 
 (x × u) = −x · 
 u 
Δ (x · u) = x · Δu + 2  u 
Δ (x × u) = x × Δu + 2 
 u 

 (ϕx) = −x ×∇ϕ 
 (ϕx) = nϕ + x · ∇ϕ, 
 x ∈ Rn 
Δ (ϕx) = xΔϕ + 2∇ϕ 
Δ (x ×∇ϕ) = x ×∇Δϕ 
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{q (τx)} = −q (τx) + ∇{x · q (τx)} . 
  !"	 x ∈ Ω  z (t) := φ (tx)# $
 % 	  
	
&  

























τ p (τx) dτ.
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τ Δp (τx) dτ = 0
,  Δp = 0# ),

 ̃q(x) := q(x) − x × ∇φ(x) 
  











̃q (τx) dτ +
∫ 1
0
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	 0 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̃q (τx) dτ = −
∫ 1
0
̃q (τx) dτ + ∇ϕ (x) ,
  ̃q (x) = ∇φ (x) 	  # . ,&  	  

Δϕ (x) = Δ
∫ 1
0
x · q (τx) dτ
∫ 1
0
τ 2x · (Δq) (τx) + 2τ (	
 q) (τx) dτ = 0.
3 4
    
(  ϕ 	 φ#   
  ϕ 	 φ ,
4
 
 ϕ(0) = φ(0) = 0   q = ∇ϕ + x × ∇φ ≡ 0 	
0
p = φ + x · ∇φ ≡ 0    	
 x ∈ Ω   z(t) = φ(tx)  
z ∈ C∞[0, 1]     
t2z′(t) + z(t) = 0  z(0) = 0.
        z(t) ≡ 0 
  φ ≡ 0  !     ∇ϕ+x×∇φ ≡ 0  
∇ϕ ≡ 0    "  ϕ ≡ 0  
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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   (v, p) 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  Ψ& Φ  ϕ  *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x · ∇φ(x). $
+  φ (x) = 3
∫ 1
0
Φ (tx) dt          * ,
















∇ϕ(x) + χ(x)x + x × u(x),
 χ(x) = Ψ(x) + x · ∇Ψ(x)  u(x) = 2
3
∇φ(x) + x ×∇Ψ(x)  1
   0)  0$
 u(x) = −∇χ(x)   u(x) = 0,  x ∈ Ω,




∇Δϕ(x) + xΔχ(x) + 2∇χ(x) + x × Δu(x) + 2  u(x) = 0,
   h    3    ,0  
−2 h = −6χ − 4x · ∇χ = −6Ψ − 10x · ∇Ψ − 4x · ∇ (x · ∇Ψ) ,
42
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∇(x · h(x)) − 1
2
(x × h(x)) = Aϕ(x) + Aφ(x) + AΨ(x),
 
3 Aϕ(x) = 2∇ϕ(x) −∇(x · ∇ϕ(x)) − (x ×∇ϕ(x)),
3 Aφ(x) = 2x ×∇φ(x) − (x × (x ×∇φ(x))),
2 AΨ(x) = (r
2x ×∇Ψ(x) −∇(r2(Ψ(x) + x · ∇Ψ(x))) +
2(Ψ(x) + x · ∇Ψ(x))x + 2x × (x ×∇Ψ(x)).
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2x ×∇Ψ(x)) − 1
2
(r2ΔΨ(x))x.
  ΔΨ(x) = 0 ! AΨ(x) = (r
2x ×∇Ψ(x))   ""  !$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 Δh(x) = 0    h(x) " − "h(x)  *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 )0   
h(x) = ∇χ(x) + x ×∇ζ(x) " − "h(x) = ζ(x) + x · ∇ζ(x) 

     χ " ζ 1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2
ζ (x) = −3Ψ (x) − 2x · ∇Ψ (x)







2(1− 1τ )ζ (τx) dτ
    / )0
 "







2(1− 1τ ) (Δζ) (τx) dτ = 0.
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p = − (6Ψ + 4x · ∇Ψ) − x · ∇ (6Ψ + 4x · ∇Ψ) ,
		   
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4φ (x) − 2χ (x) = Φ (x) + x · ∇Φ (x)
 $   








τ (4φ (τx) − 2χ (τx)) dτ,

 		  	 ΔΦ (x) = 0   	 




v(x) = −∇ (Φ(x) + x · ∇Φ(x)) − x ×∇ (6Ψ(x) + 4x · ∇Ψ(x))
 $  
































− x ×∇Φ(x) = ∇ϕ(x) + x ×∇ω(x),
0 = ω(x) + x · ∇ω(x)
	 	
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  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 ϕ  ω (
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	 ω ≡ 0  	 































  	$   
 
 	  




  	   	  




   
	v = −∇ (Φ + x · ∇Φ) − x ×∇ (6Ψ + 4x · ∇Ψ)
p = − (6Ψ + 4x · ∇Ψ) − x · ∇ (6Ψ + 4x · ∇Ψ)
   		 	 v  p  	 
 	   

 v   	 	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 		 H = H(x)  H0 = H0(x)!




+ 2 H(x), *+%
p(x) = −2  H(x). *+,
# 	 
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	v = 2 	 H,
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−2  H(x) = −6Ψ(x) − 10x · ∇Ψ(x) − 4x · ∇ (x · ∇Ψ(x))










∇H0(x) = h(x) +
1
6
x ×∇ (x · ∇φ(x))
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 Ω  
v = −1
2
∇ (x · w) − 1
2
 (x × w + ψx) + w, 
0















x · v. 
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
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Δ (x · w) +  w = 0,
 (v, p)    	
  
	  (v, p)    	
        Δv = − 	 	v = ∇p

































(3p + x · ∇p + x · 	 	v)
= −1
6
(3p + x · Δv − x · Δv) = −1
2
p,
   & 	  ' w (   )   
 	 
∇(x · w) = 2
3





	(x × w) = 2
3
	(x × v) − 1
6
x ×∇(x · 	v) − 1
3
x × 	v + 1
6
r2∇p,
 r = |x|     '
−1
2
∇ (x · w) − 1
2
	 (x × w) + w = v + 1
12
x ×∇(x · 	v),
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∇(x · H) + 1
3





x · 	 H.
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 w  ψ
−1
2
∇ (x · w) − 1
2
	 (x × w + ψx) + w = 0
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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∇(ψ + x · ∇ψ).
& ' ∇ ' w = 0 
 ( # " ' ' w = 3γ ∈ R  Ω  
 ' w0 = 0 	 w0 := w−γx# 	 " 	 " x× w = x× w0
 
 	 x = 0 
	 (2w0 − 	(x × w0)) = ∇(ψ + x · ∇ψ),
' (2w0 − 	(x × w0)) = 0.
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 	  ' 	 ̃w0 := w0 + ∇ω  ψ̃ := ψ + C "
			
 ω 	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Δv = ∇p, 'v = νp % 
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 Ω ⊂ Rn# n = 2, 3 &   ")  	  
		 	   Ω#   	)  Ω   
 	) &  	 ν = 0#  	#  	#  %$  
  	 -	 .'	/  	  	 
 	
(λ + μ)∇ 'v + μΔv = 0 $ 
	    '	 v = v(x) ∈ Rn# n = 2, 3# 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
 
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ν := − μ
λ + μ
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 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			 # 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 
 $ #  	 
 	 
 
 H0 = H0(x)  H =
H(x)%
v = 2 H − λ + μ
λ + 2μ
∇(H0 + x · H) = 2 H −
1
1 − ν∇(H0 + x ·
H),
 ν = 1 
 		 λ + 2μ = 0 
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   ν ∈ R ν = 3
4
, 1 	  v ∈ C2(Ω)  p ∈ C1(Ω)













p(x) = −2 h(x),  x ∈ Ω. 
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t4(1−ν)x · v(tx)dt. +
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2∇ 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